Bonamia ostreae is an intrahaemocytic protozoan affecting Ostrea edulis. The parasite multiplies within haemocytes without being degraded and involves changes in cellular activities. Studies aiming at better understanding host response to a pathogen at the transcriptome levels are frequently based on the use of real time PCR assays, which require some reference genes. However, very few sequence data is available for Ostrea edulis in public databases. Subtracted cDNA libraries were constructed from the Ostrea edulis haemocytes in order to identify genes involved in host reactions against the parasite and quantitative real time PCR assays were developed to study expression of these genes. In this context, identification of reference genes and study of their relative expression stability were required for quantitative real time PCR normalization. The expression of 5 potential candidate reference genes from Ostrea edulis (ie elongation factor 1 alpha (EF1-α), 60S ribosomal protein L5 (L5), glyceraldehyde 3-phosphate-dehydrogenase (GAPDH), polyubiquitin (Ubiq) and β-actin (ACT)) was studied using RNAs extracted from pools of haemocytes in contact with the parasite Bonamia ostreae and haemocytes alone. Gene expression was quantified by real time PCR and expression stability was analysed with two analytical approaches GeNorm and NormFinder. GAPDH and EF1- were identified as the most stable genes with the GeNorm analysis. Whatever were the tested conditions, EF1- was also found as the most stable gene using Normfinder. The less stable gene was -actin although this gene is commonly used as housekeeping gene in many studies. Our results suggest using GAPDH and EF1- combined as reference genes when studying expression levels in haemocytes of Ostrea edulis. In addition, the complete ORF of these two genes was characterized.
Introduction
The parasite Bonamia ostreae was first reported in France in 1979 infecting the European flat oyster, Ostrea edulis [1, 2] . Despite 30 years of research on this protozoan pathogen, host parasite interactions are poorly known and few sequence data is available for O. edulis in public databases. A recent study has been conducted to investigate the transcriptome during an in vitro infection of O. edulis haemocytes with purified parasites. cDNA libraries allowed obtaining a large number of expressed sequence tags (ESTs). Based on sequence homologies, some ESTs were selected for expression assays and the quantification of transcription levels in haemocytes was undertaken using quantitative real time PCR. Quantitative real time PCR is commonly used to study gene expression due to high sensitivity, specificity, reproducibility and broad dynamic range [3] [4] [5] . Level of gene expression is determined by quantifying the relative amount of target mRNA between different conditions, using the comparative Ct (2 ct ), or Pfaffl method including the adjustment by the amplification efficiencies [6] . The relative quantification method requires an internal control or a housekeeping gene. The internal control is an endogenous control that allows correction of experimental variations caused by the quantity and quality of starting material, inhibitory compounds, pipetting errors, biological variability, the reverse transcription efficiency and the experimental design [7] . Reference genes are thus compulsory but they must be carefully validated as pointed out in the MIQE guideline. This guideline suggests a minimum set of information that researcher should provide for their quantitative real time PCR data [8] . The ideal housekeeping gene should present a stable mRNA expression and should be minimally regulated under experimental conditions [9] [10] [11] [12] . 18S ribosomal RNA, glyceraldehyde-3 phosphate-dehydrogenase and β-actin have frequently been used as reference genes in bivalves [13] [14] [15] . These genes are involved in ribosome structure, metabolism and cytoskeleton respectively and their expression level is assumed to be constant. However, some studies have shown that expression of these genes can vary depending on development stages or in response to an external treatment [10, 16] . Relative quantification by real time PCR requires first a study of the suitability and stability of one or more housekeeping genes in selected experimental conditions [17] . Some mathematical methods have been developed to evaluate relative stability of gene expression in order to identify the most suitable housekeeping genes [18, 19] . Two Visual Basic Applications for Microsoft Excel are currently widely used to determine reference gene suitability: GeNorm [18] and NormFinder [19] . GeNorm is a mathematical method based on the principle that the expression ratio of two ideal control genes should be identical in all samples and experimental conditions. It calculates gene expression stability (M), which is the mean pair-wise variation between an individual gene and all other tested reference genes [18] . NormFinder is another Excel applet based on an algorithm for identifying the optimal normalization gene(s) among a set of candidates [19] . It ranks the candidate genes according to their mRNA expression stability value in a given sample set and a given experimental design. This approach combines the intra-group and intergroup expression variation to a stability value that enables the ranking of genes by mRNA expression stability. In this context, the aim of the present study was to identify from ESTs database previously obtained, optimal reference genes that could be used for expression analysis in flat oyster haemocytes experimentally infected by the parasite Bonamia ostreae. The five tested reference genes (Table 1) were housekeeping genes commonly used in quantitative real time PCR studies: elongation factor 1 alpha (EF1-α), 60S ribosomal protein L5 (L5), glyceraldehyde 3-phosphate-dehydrogenase (GAPDH), polyubiquitin (Ubiq) and the β-actin (ACT) [10, 16, 20] . In addition, the ORF of EF1- and GAPDH, identified as the most suitable housekeeping genes in our study, were fully characterized. 
Material and methods

Biological material
Haemolymph collection
Haemolymph was collected from the adductor muscle sinus of 40 oysters using a 1 ml syringe equipped with a needle (0.40 mm x 90 mm). To eliminate cell aggregates, the haemolymph samples were filtered through 60 μm nylon mesh and held on ice to prevent cell aggregation. Approximately 1 ml of haemolymph was collected from each oyster. Samples were pooled, and haemocytes counted using a Malassez-cell. The haemocyte concentration was adjusted to 1.10 6 cells ml -1 using 0.22 μm filtered seawater (FSW).
In vitro challenge of Ostrea edulis haemocytes with Bonamia ostreae
Haemocytes (1.10 6 cells ml-1) were incubated with live purified parasites at a ratio of five parasites per one haemocyte for two hours at 15°C. Bonamia ostreae was purified according to the protocol developed by Mialhe et al., (1988) [21] . The control consisted of haemocytes alone suspended in FSW (1.10 6 cells ml -1 ). Four challenges were performed using four different pools of haemolymph, each pool of haemolymph was divided in two parts, one part for the control and a second part for in vitro infection. Two hours post challenge, haemocytes were recovered by centrifugation (1500 rcf, 4°C for 15 min).
Total RNA extraction and cDNA synthesis
Total RNA was extracted using TRIZOL reagent (Invitrogen) following the manufacturer's instructions. Briefly, cells were lysed in TRIZOL, RNA was separated from DNA and proteins using phenolchloroform. Total RNAs were precipitated using isopropanol. The RNA pellet was washed with 75% ethanol solution and finally eluted in 22 µl. Total RNAs were treated with RQ1 RNAse-free DNAse (Promega) to remove remaining genomic DNA. The RNA concentration was determined using a spectrophotometer at 260 nm and RNA quality was assessed on a 1% agarose gel. First strand cDNA was synthesized using the oligo (dT) anchor primer (5'-GAC CACGCGTATCGATGTCGACT(16)V-3') and Moloney murine leukaemia virus (M-MLV) reverse transcriptase SuperScript III First-Strand Synthesis System for RT-PCR (Invitrogen).
Real time quantitative PCR
ESTs of five candidate housekeeping genes were obtained from a subtracted cDNA library from Ostrea edulis. For each of these genes forward and reverse primers were designed using primer 3 software (http://biotools.umassmed.edu/bioapps/primer3_www.cgi) ( Table 2 ) and synthesized by Eurogentec. Real time quantitative PCR was carried out in duplicate, all amplification reactions were performed in a total volume of 25 μL using a Mx3000 Thermocycler sequence detector (Stratagene) in 96-microwell plates. Each well (25 μL) contained 5 μL of cDNA dilution (1/30), 12.5 μL of Brilliant ® SYBR ® Green II PCR Master Mix (Stratagene), 2.5 μL of each diluted primer (3 µM) and 2.5 μL of distilled water. Thermal cycling conditions were: 1 cycle of activation of Hot start Taq polymerase at 95 °C for 10 min; 40 cycles of amplification at 95°C for 10 s, 60°C for 30s; and melting temperature curve analysis at 95°C to 60°C by 0.5°C decrease of the temperature every 10s. In all cases, negative controls (without cDNA) were included to rule out DNA contamination. For each candidate housekeeping gene, melting curve, gel picture and sequences were analysed in order to verify the specificity of the amplified products and that at a single PCR product was amplified. Efficacy (E) was calculated for each primer pair by determining the slopes of standard curves. Efficacies were calculated according to the following equation E=10
(1-slope) [6] .
Rapid amplification of cDNA ends and sequence analysis
In order to obtain the complete open reading frame (ORF) of EF1- and GAPDH, RACE (Rapid Amplification of cDNA ends) reactions were carried out using SMART RACE cDNA Amplification Kit from Clontech according to the manufacturer's instructions. 5' and 3' primers were designed using primer 3 software (http://biotools.umassmed.edu/bioapps/primer3_www.cgi) (3'elongrace GTAATCAAGAGCGGAGATGC, 5'elongrace GTCCAATAAATGACCTGCTGTGGTC and 3'GAPDHrace GCAATGCTTCGTGCACCACTAACTGT, 5'GAPDHrace GCGGTGTATGCATGAACCGTTGTC) and synthesized by Eurogentec. After ligation and cloning in TOPO Vector System (Invitrogen) and transformation in Top 10 competent bacteria (Invitrogen), several clones were sequenced from both ends with TOPO forward and reverse primers using BigDye terminator Cycle Sequencing Ready Reaction Kit and an automated DNA sequencer ABI 3130 XL. Chromatograms were analyzed with Chromas 231 software (Technelysium). NCBI-BLAST (http://www.ncbi.nlm.nih.gov/blast/) was used for detection of known orthologs and for comparison of the obtained cDNAs and deduced polypeptides.
Phylogenic analysis of EF1- and GAPDH
The sequence of the complete ORF of EF1- was aligned with homologous genes from GenBank database ( Alignments were performed using the Clustal W [22] including in MEGA 4 [23] . Phylogenetic trees based on amino acid sequences were performed using the Neighbour-Joining [24] algorithm with the MEGA 4 software program. Statistical confidence on the inferred phylogenetic relationships was assessed by bootstrap of 1000 replicates.
Statistical analysis
Cts were calculated with the stratagene Mxpro software 4.0. Data obtained for each experiment was analyzed using two excel applets, GeNorm [18] and NormFinder [19] . GeNorm was used to calculate the gene expression normalization factor and to determine the most stable internal controls. Determining the average pairwise variation of a particular gene with all other genes assessed the gene stability measurement M. Moreover, the optimal number of housekeeping genes required for normalization was determined using GeNorm. Inter-group and intra-group variations were determined using NormFinder and allowed ranking and estimating reference gene stability.
Results
Real time PCR amplification of candidate housekeeping genes
The relative expression level of five candidate housekeeping genes (L5, Ubiq, ACT, GAPDH and EF1-) was studied during four different in vitro infections of haemocytes with the parasite Bonamia ostreae. Ct values were distributed between 16.1 (1.5) for ACT and 21 (1.2) for GAPDH. Ct value between replicates was less than one. Standard curves exhibited correlation coefficient (R 2 ) higher than 0.99 and PCR efficiencies ranged from 95% to 100% (Table 3 ). The amplification specificity was confirmed by melting curve analysis (Fig 1) . The melting curves for all genes demonstrated a single peak confirming gene-specific amplification. Agarose gel analyses showed a single band for all amplified genes (data not shown).
Expression stability of candidate housekeeping genes
Expression stability (M) of each candidate housekeeping gene through different tested RNA samples was calculated using the GeNorm program. A low M value translates a highly stable expression in the tested conditions. The rank of the candidate housekeeping genes based on their M values is shown in Fig 2a. ACT (M=0.516) Ubiq (M=0.469) and L5 (M=0.451) appeared less stable while, GAPDH (M=0.187) and EF1- (M=0.187) were the most stable genes. The best combination of two genes appeared as GAPDH and EF1- (M=0.187). Gene expression stability was also evaluated using another software, NormFinder. Stability values for the tested genes from the least to the most stable were: ACT (M=0.130), Ubiq (M=0.119), L5 (M=0.112), GAPDH (M=0.049) and EF1- (M=0.046) (Fig 2b) . The best combination for the most stable was GAPDH and EF1- (0.034).
Optimum number of housekeeping genes
In addition, GeNorm method can determine the optimum number of housekeeping genes recommended in an experiment using a pairwise number variation Vn/n+1 analysis (Fig 3) , Vandesompele et al., (2002) [18] proposed 0.15 as a cut-off value, below which the inclusion of an additional reference gene is not required. In our experiment the V 2/3 and V 3/4 values were 0.192 and 0.112, respectively suggesting that the normalization factor should preferably contain 3 housekeeping genes.
Characterization of Ostrea edulis EF1-
ESTs with high similarity to EF1- have been identified in subtracted cDNA libraries. RACE reactions allowed obtaining the full cDNA of Ostrea edulis EF1-. The length of the EF1- was 1698 nucleotides (nt). Complete sequence was deposited in GenBank and assigned under the accession number EU651798. The sequence contained a short 5'-untranslated region (1-57 nt) followed by the ORF of 1385 nt (461 codons: 58-1443 nt) and finished by an 3'-untranslated region (1444-1698 nt) (Fig 4) . The ORF included three domains: elongation factor I 82-768 nt, elongation factor II 778-1050 nt and elongation factor III 1057-1368 nt (Fig 5) . The ORF of the EF1- presented characteristic regions G1 to G4 critical in GDP/GTP exchange, GTPinduced conformational change and GTP hydrolysis (Fig 5) . The amino acid sequence was submitted in PROSITE database (http://www.expasy.ch/prosite/) and a conserved motif DKLKAERERGITIDIA was identified at position 61 to 76. This motif is a signature of the GTP-binding elongation factor ( Fig  5) . The nucleotide sequence of EF1- from Ostrea edulis presented 73% to 86% of identity with other species. Crassostrea gigas presented the highest percentage of identity (86%). The alignment of the selected amino acid EF1- sequences and phylogenetic tree showed that Ostrea edulis EF1- clustered with other invertebrate EF1- (Fig 6) .
Characterization of Ostrea edulis GAPDH
Ostrea edulis cDNA GAPDH showed a 1309 nucleotide (nt) sequence. Complete sequence was deposited in GenBank and assigned under the accession number GQ150762. The sequence contained a short 5'-untranslated region (1-70 nt) followed by an ORF of 1008 nt (335 codons: 69-1077 nt) and finished by a 3'-untranslated region (1078-1309 nt) (Fig 7) . The complete ORF had a putative molecular mass at 36 143.34 Da and a predicted isoelectric point at 7.58. The analysis of the ORF revealed the presence of two domains, NAD binding domain (3-150 aa) and C terminal domain (155-312) (Fig. 7) . ORF of GAPDH had a typical eukaryotic GAPDH signature (ASCTTNCL; positions from 148 to 155) [25] . The nucleotide sequence of GAPDH from Ostrea edulis presented 74% to 91% of identity with other species. Crassostrea gigas presented the highest percentage of identity (91%). The phylogenic tree based on amino acid sequences of GAPDH from different species showed that Ostrea edulis GAPDH belong to the "mollusc cluster" with Crassotrea gigas and Crassostrea virginica (Fig 8) .
Discussion
The quantitative real time PCR is a powerful tool to measure gene expression [6] . This method requires an internal control (ie reference gene or housekeeping gene) in order to normalize gene expression and to integrate experimental variations. The expression of housekeeping genes must be stable during the experiment. Thus, studying the expression stability of housekeeping genes is recommended before quantifying genes of interest by quantitative real time PCR [8, 17] . In our study, five candidate housekeeping genes identified from subtracted libraries have been selected and expression monitored by real-time quantitative PCR during in vitro infections of Ostrea edulis haemocytes with the parasite Bonamia ostreae to check their stability. Selected housekeeping genes are involved in ribosomal metabolism (L5), cytoskeleton structure (ACT), protein metabolism (Ubiq and GAPDH) and elongation process (EF1-). Two different analytical approaches based on GeNorm and NormFinder algorithms were used to identify the most suitable housekeeping genes. Their expression was compared between exposed and non-exposed haemocytes during an in vitro infection of Ostrea edulis cells with the parasite Bonamia ostreae. GeNorm and NormFinder allowed ranking candidate housekeeping genes according to their expression stability. Both approaches gave concordant results. EF1- and GAPDH genes appeared as the most suitable housekeeping genes in the present experiment. Both genes are widely used as housekeeping genes. EF1- is a member of the G protein family, and one of the four subunits that compose the eukaryotic elongation factor 1 [26, 27] . EF1- plays a key role in protein translation. Araya et al., (2008) [10] demonstrated that EF-1 is a suitable reference gene during an in vitro challenge of Mya arenaria haemocytes with Vibrio splendidus. In Atlantic salmon, EF1- was identified as the most stable gene in both healthy and virus infected tissues [28] . This gene was also reported as the best housekeeping gene during the larval development of the flatfish Solea senegalensis [29] and during the development of the European sea bass Dicentrarchus labrax [30] . The GAPDH gene is frequently used as a housekeeping gene in human [31] or in plants [32] . Although the expression of this gene appeared stable in our experiment, it was shown unsuitable in other studies because of its involvement in different functions. GAPDH is implicated in nuclear RNA export, DNA replication, DNA repair, exocytotic membrane fusion, cytoskeleton organisation and phosphotransferase activity [33] . Moreover, Cho et al., (2008) [34] showed that the expression of 2 GAPDH isoforms from the marine teleost fish Oplegnathus fasciatus was modulated in response to bacterial and viral infections. The less stable genes identified in the present study were Ubiq and ACT. Ubiq has previously been used as housekeeping gene in the study of Mya arenaria responses to infection with Vibrio splendidus [10] . However, in our study, the expression of this gene was found unstable between the tested conditions. This instability could be explained by the involvement of polyubiquin in protein degradation through the proteasome. Although -actin is commonly used as housekeeping genes in quantitative real time PCR assays, our results suggest that the parasite Bonamia ostreae affects the expression of ACT. -actin is involved in the cytoskeleton structure which plays a pivotal role in the phagocytosis and encapsulation. Intracellular parasites such as apicomplexan parasites require polymerisation of host actin in order to penetrate into host cells [35] . A similar mechanism might be developed by the parasite Bonamia ostreae. Chagot et al., 1992 [36] demonstrated that parasites were not engulfed when haemocytes were treated with cytochalasin B prior parasite contact. These results support an active participation of host cells in the internalisation of the parasite.
The GeNorm analysis also defined the optimal number of housekeeping genes in the present study as 3. Vandesompele et al., (2002) [18] suggested that in most cases three housekeeping genes is the optimal number for a valid normalization strategy. The molecular characterization of the EF1- and GAPDH in Ostrea edulis allowed studying the sequence of the gene and identifying conserved domains and signatures present in other species. The phylogenetic analysis assigned the flat oyster EF1- and GAPDH inside the mollusc clusters.
This study is the first, to our knowledge, that describes the evaluation of flat oyster genes as housekeeping genes for real time quantitative PCR. The most appropriate housekeeping gene in flat oyster haemocytes is the EF1-. In this respect it is now possible to evaluate the level of expression of genes of interest in order to improve the knowledge on interactions between the flat oyster and the parasite Bonamia ostreae. This study has also shown the importance to determine statistically the stability of references genes in every experiment because of the impact of the experimental conditions used on gene expression.
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1351 ACT GTA GCT GTT GGT GTC ATC AAA GAG GTT GAG AAA AAT GAA CCA 1395
1396 AGT CAA GGC AAA GTG ACC AAG GCT GCT CAG AAG GCT GGA AAG AAG 1440 Table 2 Housekeeping gene primers and characteristic for quantitative real time PCR. 
